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Abstract 
According to previous research, it is thought that adults see objects in their perceptual worlds 
first as global wholes before they notice aspects of objects’ local parts, and that infants see 
objects first as local parts before mentally “assembling” them into global wholes. This previous 
research suggests that there is a transition somewhere in infants’ first year from local-oriented 
processing to the more adult-like global-oriented processing. Finding when this switch occurs 
could be important in the field of research on Autism Spectrum Disorder (ASD) because research 
suggests children with ASD never make the switch and keep their local-oriented perceptual bias 
as adults. This study used an infant-controlled habituation paradigm to assess local and global 
biases of 9- and 12-month old infants in two different ways: 1) a visual habituation procedure 
with images on a computer screen, and 2) a manual habituation procedure with physical toys. 
Local versus Global preferences were assessed using three indexes: 1) visual habituation visual 
attention, 2) manual habituation visual attention, and 3) manual habituation manual attention. 
Local-Global scores were correlated with target free-play behaviors in order to determine if local 
or global biases were reflected in naturalistic free-play. Although they were not statistically 
significant, results suggest a slightly more global than local preference for 12-month-olds and a 
slightly more local than global preference for 9-month-olds. There was also a trend for females 
to become globally oriented earlier than males and for the global bias to start earlier in manual 
than visual capacities. Correlations between processing style and free-play behaviors were also 
found. Fingering of the free-play toy was significantly correlated with 9-month-old boys’ Local-
Global scores, and mouthing of the free-play toy was significantly correlated with 12-month-old 
boy’s Local-Global scores. Although the Local-Global score results were not statistically 
significant, the trends were very promising and consistent with previous research. The meaning 
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of the Local-Global scores’ correlations with free-play behaviors are unclear, but the found 
relationship supports previous research suggesting local and global biases are reflected in free-
play behaviors.  
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Local or Global Hierarchical Visual Processing in Nine- and Twelve-Month Old Infants 
The perceptual environment is full of complex stimuli. In order to simplify their world, 
humans must be able to categorize the objects in it. According to Gestalt psychology, the whole 
is more than the sum of its parts (Poirel, Mellet, Houdé, & Pineau, 2008). For example, adult 
humans are likely to see a house, even if the windows are graham crackers and the chimney is 
licorice, as in the case of gingerbread houses at Christmas. Most adults seem to have this bias to 
notice a global whole before examining the local parts, rather than mentally building the whole 
as a sum of the parts (Duckett & Stiles, 2001). For example, a person might see a complex 
arrangement of windows, doors, shutters and roofs, or might see the house as a whole before 
noticing the windows, doors, shutters and roof. For adults, it seems that “house” is much easier 
to process than all of the local details that make it up.  
Most research suggests that typically developing children transition from locally biased 
to globally biased processing at about 12 months of age (Cohen, 1998; Cohen & Cashon, 2001; 
Colombo, 2001; Duckett & Stiles, 2001; Schwarzer, Zauner & Jovanovic, 2007; Younger & 
Cohen, 1986). This research has implications for Autism Spectrum Disorder (ASD) research 
because evidence suggests that typically developing adults seem to have a global processing 
style, while adults with ASD seem to have a local preference (Frith & Happé, 1994; Happé & 
Frith, 2006). Examining the transition of typically developing infants from local to global 
processing could provide clues for why they make the transition but some of their peers who are 
at risk for ASD do not (Gibson, 2012).  
Gibson (2012) examined the second 6 months of life for a local or global visual bias to 
determine whether a difference in style between 12 month olds and the younger age groups 
exists, and whether the perceptual bias would translate into a different way of interacting with a 
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toy during a play task. Gibson (2012) found that 12-month old infants seem to have a local 
preference on a visual familiarization task as well as on a manual free-play task, suggesting that 
a local visual processing preference also manifests itself in play patterns for 12-month old 
infants. Her study did not show significant results for 6- and 9-month old infants, potentially 
because their processing styles are not well organized into local or global biases until 12 months 
of age or from limitations in methodology.  
Gibson (2012) used a familiarization procedure and then tested the infants assuming they 
would look at the novel test item, when familiarization procedures normally encourage a 
familiarity bias. On the other hand, children who have been habituated to objects usually prefer 
the novel one (Cohen, 1998). It is possible that for infants at this age, familiarization and 
habituation will have the same effect of “boring” the participants, which Gibson suggests based 
on the analysis that the infants in her study interacted with the familiarization stimuli less by the 
end than they had at the beginning of familiarization. It is also possible however that what 
Gibson saw as a local preference in 12-month olds could be a slightly misleading result based on 
the mixed preference of some infants toward the familiar if they did not reach habituation. Also, 
if some infants became habituated and preferred novel stimuli while others were familiarizing 
and preferring familiar stimuli, it would affect the power of the results (Cohen 1998). Therefore, 
one possibility is that results were not seen for the 6- and 9-month-old infants because there were 
not enough children familiarizing or habituating to the stimuli presented. Another possibility is 
that 12-month-old infants habituated more quickly than the younger participants, which is why 
the local bias was significant for them but not the other ages.  
One other possible reason for the local bias Gibson found is that giving every child the 
same amount of time to habituate to a stimulus could mean that some infant may have habituated 
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very quickly to one aspect of the stimulus and with the leftover time then habituated to the other 
aspect of the stimulus. An infant-controlled habituation paradigm might lessen the possibility of 
that happening by ending habituation trials as soon as the infant meets criteria, personalizing the 
amount of time each infant was exposed to the habituation stimulus. That way each infant would 
see the habituation stimuli long enough to become habituated but not so long that he or she 
would shift focus from one aspect of the stimulus to another.  
The present thesis aims to clarify the results of Gibson (2012) using an infant-controlled 
habituation procedure rather than a familiarization procedure and a different free-play toy with 
more distinct local features. This will indicate if 9- and 12-month-old infants have a preference 
for local or global features of objects, and if those preferences manifest in a naturalistic free-play 
task.   
Method 
Participants 
The participants included 38 children in total, each aged 9 or 12 months. Of these 
participants, 20 were between 9 and 10 months (M= 9.59 months, SD= 0.197) and 18 of them 
were between 12  and 13 months (M= 12.77 months, SD= 0.257). Of the 9-month-olds, 8 were 
male and 12 were female. Of the 12-month-olds, 9 were male and 9 were female. Participants 
were recruited from the North Carolina Subject Registry. Parents were asked to schedule their 
visit at times when the participants would be most alert and least fussy. At the end of the study 
participants were given an age-appropriate toy as thanks for participating in the study.  
Visual Habituation Task 
Participants were seated on their parent’s lap in a darkened room facing a 19” computer 
screen. Parents were instructed to seat themselves so that their child was farther than his or her 
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arm’s reach from the computer screen. Parents were then asked to close their eyes to minimize 
any possibility of physiological cuing from parent to child.  
When the child’s attention focused on the screen, the habituation stimulus was displayed 
on the screen. The stimuli were displays of patterns with both local and global elements, and 
each child saw one of four randomly-selected, possible stimuli: an A-shape composed of 
triangles, an A-shape composed of squares, an S-shape composed of triangles, or an S-shape 
composed of squares. Habituation criteria were based on criteria used by Cohen & Cashon 
(2001). Each habituation trial was a maximum of 20 seconds and a minimum of 1 second, but 
ended when the child looked away for more than 1 second. Habituation criteria were considered 
met when the average look-time of the last four trials was 50% of the average look-time of the 
first four trials. Once the child met the habituation criterion, the two test trials began. 
Test trials were displays of two patterns: (a) the same as the habituation stimulus in the 
local level but different on the global level, and (b) the same as the habituation stimulus on the 
global level but different on the local level. The test images would switch left-right positions 
between trials to eliminate effects of side-bias, and the position of the globally-similar and 
locally-similar stimuli were counterbalanced across infants. Habituation and test stimuli were 
borrowed from the stimuli used by Gibson (2012) and are shown in Figure 1. After habituation to 
a stimulus, infants are expected to show attentional preference to the novel item at test trials. 
Infant who habituated to the global feature of the habituation stimulus could be expected to look 
longer at the test trial stimulus that is different on the global level. Infants who habituated to the 
local feature of the habituation stimulus could be expected to look longer at the test trial stimulus 
that is different on the local level.  
Manual Habituation Task 
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Participants were seated on their guardian’s lap with their stomach near or touching the 
table. The child was then presented with a habituation toy for a maximum of 16 trials of a 
maximum of 20 seconds each. The same habituation criteria were used for manual as for visual 
habituation. A trial began when the child first interacted with the toy for more than one second, 
and ended when the child stopped touching and looked away from the toy for more than one 
second, threw the toy off the table, or had played for 20 seconds. When the child’s average 
interaction time for the last 4 trials was 50% of his or her interaction time with the toy for the 
first 4 trials, the habituation criterion had been met and the test trials began.  
For the test trials, the child was presented with two test toys side-by-side for ten seconds, 
two times. The habituation toys had a global shape and local aspects. Test toys were toys with 
one of two patterns: (a) the same as the habituation stimulus in the local level but different on the 
global level, and (b) the same as the habituation stimulus on the global level but different on the 
local level. The test toys were placed on the table in front of the infant within reaching distance. 
For the second test trial they were placed on opposite sides to avoid an effect of side-bias. The 
toys are the same as were used by Gibson (2012), and were made of a lightweight foam material 
that was easy for the participants to handle and manipulate. Examples are shown in Figure 2. 
Two participants were excluded due to experimenter error, both 9 months old.  
Free Play Task 
Participants were seated on their guardian’s lap with their stomachs near or touching the 
table. Participants were then presented with an age-appropriate toy with both local and global 
qualities for a total of three minutes. The toy was a stuffed elephant with a global shape of 
‘elephantness’ and local features of eyes, nose, ears, arms, legs, and felt heart stickers glued to it 
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in various places. An image of the elephant is shown in Figure 3. Two participants were 
excluded due to experimenter error, 1 of each at 9 and 12 months.  
Analysis 
Video coding  
Videos of the visual habituation test trials, manual habituation test trials, and free play 
sections were coded for visual attention and manual attention as appropriate.  Videos were 
recorded using a mounted wall camera for the manual habituation task and the free play task. 
Videos were recorded from a webcam for the visual habituation task. Highly trained coders used 
custom coding software (Libertus, 2008) to code the videos. Infant visual and manual attention 
were coded to 0.2-second discretion. Manual attention included touching (any time the 
participant’s fingers contacted the toy), grasping (when participant’s fingers closed around the 
toy), fingering (deliberate, focused manual attention on a local part of the toy), lifting (when the 
child manipulated the toy such that it was no longer in contact with the table but had not been 
dropped or thrown by the infant), bimanual manipulations (both hands used to manipulate the 
object), and mouthing (the infant put the toy in his or her mouth) of the object. A random quarter 
of the videos were double coded to ensure reliability between coders. When reliability was less 
than .85 correlated or the distribution of differences (average of the absolute value of coder 1’s 
score minus coder 2’s score) was higher than 10% a third coder recoded the video, and the data 
that were closer to the third coder’s scores were the data used for analysis. A third coder was 
only needed twice.  
Local-Global Scores 
After infants were habituated to a toy or image, they were given a choice of two images 
to look at on test trials. Theoretically infants who got ‘bored’ of the global part of the habituation 
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stimulus would look longer at the test stimulus that was different at the global level. Conversely 
if the infant got ‘bored’ of the local part of the habituation item then he or she would look at the 
test stimulus that was different at the local level. In order to assess the local or global preference 
of each participant, Local-Global scores were calculated. 
Local-Global scores were calculated for each participant based on what percent of each 
habituation trial time they spent looking at or interacting with the stimuli that were locally 
different or globally different from the stimulus they were habituated to. A Local-Global score is 
what percent of the time the child looked at the globally-different stimulus, divided by the total 
amount of time the child was interacting with either stimulus, putting globally-biased 
participants closer to 100% and locally-biased participants closer to 0%. Points were assigned to 
each infant based on this principle. Infants were given a score of 1 if they looked longer at the 
globally different stimulus, and a score of -1 if they looked longer at the locally different 
stimulus. If there was no difference infants would not get a point and their score would remain 0. 
A participant was considered to be looking longer at one stimulus when he or she looked longer 
than 50% plus or minus two times the standard error of the mean, and any percentages inside that 
range were considered a lack of preference, and given no points. This was the criterion used by 
Reznick et al. (2004). These scores were calculated for each of the three measures of Local-
Globalness: Visual Habituation (trials 1 and 2), Manual habituation visual attention (trials 1 and 
2), Manual habituation manual attention (trials 1 and 2), giving each participant a total of 6 
Local-Global scores, and then a 7th combined score using summed points from the first 6 scores.  
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Results 
Habituation Tasks 
 Paired-sample t-tests were used to compare Local-Global scores between the groups. 
There was no statistically significant difference between 9- and 12-month-olds’ Local-Global 
scores with any of the three measures (visual habituation: t= 0.36, p= 0.72; manual habituation’s 
visual attention: t= -0.98, p= 0.33; manual habituation’s manual attention: t= -0.50, p= 0.62), or 
with the combined score (t= -0.63, p=0.53), though the very slight trend was toward a local 
preference for 9-month-olds and a global preference in 12-month-olds, as shown in figure 4. 
There was no statistically significant difference between males and females with the combined 
score (t= 0.68, p= 0.53). The difference between male and female 9-month-olds was also not 
significant (t= 1.44, p= 0.17), but showed an interesting difference between group means with 
boys’ scores mostly local (M= -1.125) and girls’ scores very slightly global (M= 0.25). Those 
trends are shown in figure 5. There was also a trend that approached significance (t= 2.03, p= 
0.06) for males’ scores at 12 months to be less local (M= -1.125; M= 0.33), which is shown in 
figure 6. There was no significant difference between 12-month-old males and females (t= -0.50, 
p= 0.6), or between females at 9 and 12 months (t= -0.35, p= 0.73), and those are shown in 
figures 7 and 8.  
Free Play Task 
 After Local-Global scores were calculated for each participant, their combined scores 
were correlated with each of the target free-play behaviors. Correlations are displayed in table 2. 
There were no significant correlations between Local-Global scores and play behaviors across 
age groups when both genders were included, or across genders when both age groups were 
included. However when gender and age groups were separated, two significant correlations 
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emerged. The first, for 9-month-old male infants, was that Local-Global scores were strongly 
negatively correlated with fingering, or deliberate manual attention at a local aspect of the toy (r= 
-0.82, p= 0.025). For 12-month-old male infants, Local-Global scores were strongly negatively 
correlated with mouthing behavior (r= -0.825, p=0.012). 
Discussion 
 Although the differences between groups failed to meet statistical significance, there 
were several trends that are worth mentioning, particularly with such a small sample size (N=20, 
18). The first is that there may have been a trend for infants, particularly males, to become 
slightly more global by 12 months. If this effect was significant, it would support the theory that 
there is a switch from local to global processing around 12 months of age, as previous research 
has suggested (Cohen, 1998; Cohen & Cashon, 2001; Colombo, 2001; Duckett & Stiles, 2001; 
Schwarzer, et al., 2007; Younger & Cohen, 1986). Recognizing that the results were not 
significant, I will proceed with this discussion as if it were a notable trend.  
 The next interesting trend was at 9 months. Nine-month-old boys appear to be more 
locally biased compared with 9-month-old girls. In fact, girls seem to be slightly globally biased 
already at 9 months old. This trend, which was approaching significance, suggests that female 
infants may start making the switch from local to global processing much earlier than boys, at 9 
months of age. Interestingly, this trend is gone by 12 months, with 12-month-old boys surging 
toward a global bias compared with their locally biased 9-month-old counterparts. This 
difference between 9- and 12-month-old males approached significance, and could suggest that 
while females make the switch to global processing at 9 months, their male counterparts “catch 
up” by around 12 months.  
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 The trend for females to make the local-global switch earlier than males could reflect a 
tendency for females to develop many skills slightly earlier than their male counterparts, 
including fine motor, language and social skills (Bouchard, Trudeau, Sutton, Boudreault, & 
Deneault, 2009; Lung, Chiang, Lin, Feng, Chen, & Shu, 2011). Future research could target a 
younger age group of female infants to see when this trend might start, as it may already be 
underway by 9 months.  
 One other interesting trend was that the manual habituation task seemed to be the most 
sensitive measure of local-global preference. One potential reason for this could be that playing 
with a toy and being able to interact with it manually is a more natural scenario for infants to 
experience. This might be especially true compared to the very artificial experience of watching 
stationary images on a screen in a dark room, as was the case for the visual habituation portion of 
the study. Another possible explanation is that the global bias is manifested earlier in the manual 
capacity than in the visual capacity. Another possibility is that the trend is an artifact of a small 
sample size, which must be considered because that trend was not statistically significant.  
 The play task revealed that 9-month-old boys’ fingering of the free-play toy reflected a 
local bias. Recall that positive Local-Global scores reflected a global bias while negative scores 
reflected local bias. Therefore, the very negative correlation between Local-Global scores and 
fingering demonstrates a relationship for 9-month-old boys between a local bias and the 
fingering behavior. This is interesting because fingering is a behavior necessarily targeted at 
local features of an object. None of the other groups had such a strong relationship between local 
scores and fingering behavior. This could be related to the trend noted earlier that 9-month-old 
boys were the group that seemed most locally biased.  
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 Another notable result of the free play task was that 12-month-old boys’ mouthing of the 
free-play toy reflected a local bias. This is difficult to explain given that 12-month-old boys 
seemed to be slightly globally biased. One possible interpretation is that mouthing is a very 
different form of examination in comparison to touching with the fingers.  
 One limitation of this study was the small sample size of each group. Particularly when 
working with infants, a larger sample size is needed to eliminate the variance that comes with 
infant-like attention spans. Another thing that could be improved is finding a way to incorporate 
verbal cues from the participants. There were two examples during the manual habituation task 
when a participant pointed to the foam “A” toy and said “ah” or “A.” This is a perfect example 
of attention to the global whole of the stimulus, but the methodology used in this study did not 
allow for the incorporation of that evidence. 
 From a broad perspective, the possibility that female infants make the local-to-global 
switch earlier than male infants could be applicable in research on the early detection of Autism 
Spectrum Disorders. Given the importance of early intervention in children with autism 
(Volkmar, Chawarska, & Klin, 2005), any clues about what autism may look like in younger 
children could lead to better prognoses for children at risk for developing it. If failing to switch 
from local to global perceptual bias is associated with autism later in life, and if girls make the 
switch at around 9 months, then this could be an important target area for future research. 
Finding clues that explain why typically developing infants make the local-to-global switch and 
their peers who are later diagnosed with ASD do not could be important in understanding the 
course of the disorder. If the switch starts earlier than 12 months for girls, this opens the 
possibility of detecting warning signs for the development of ASD earlier, which could be of 
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vital importance given the effect of early intervention on child outcomes later in lifeh (Volkmar, 
Chawarska, & Klin, 2005).   
Conclusions 
 This study suggests interesting timing and patterns between genders in the switch from 
local to global hierarchical visual preference around 12 months of age. It also suggests that 
females may make the switch slightly earlier than males, but that males “catch up” by 12 months. 
This study may also have revealed compelling differences among assessment techniques and 
response modalities. Clearly, more research is needed to replicated and expand these notable 
trends.  
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Tables and Figures 
Figure 1: Example of Visual Habituation stimuli 
 
Figure 2: Example of Manual Habituation stimuli 
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Figure 3: Free-Play stimulus  
 
 
Figure 4: Age differences in combined Local-Global scores. This image illustrates a slight global 
trend for 12-month-olds and a slight local trend in 9-month-olds. 
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Figure 5: Gender differences in 9-month-old infants. This image illustrates the slight local bias 
for males and slight global bias for females. 
 p=.17 
 
Figure 6: Age differences in male infants. This image illustrates the change from a slightly local 
bias at 9 months to a slightly global bias at 12 months for male infants.  
 p=.06 
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Figure 7: Gender differences in 12-month-old infants’ Local-Global scores. This illustrates the 
slight global bias of both genders. 
 p= 0.62 
 
Figure 8: Age differences in female infants. This illustrates the slight global bias in females at 
both age groups.  
 p= 0.7 
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Table 1: Correlations of Global score with Free-Play behaviors. 
 
